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(54) SWING TYPE FINE AIR BUBBLE GENERATING DEVICE 



(57) The swiriing type micro-bubble generating sys- 
tem according to the present invention comprises a con- 
tainer main unit having a cylindrical space with bottom 
or a megaphone-like space, a liquid inlet provided in tan- 
gential direction on a part of circumferential surface of 
inner wall of said space, a gas introducing hole provided 
on the bottom of said cylindrical space or opening of said 
megaphone-like space, and a swirling gas-liquid mix- 
ture outlet arranged at the top of said cylindrical space 
or opening of said megaphone-like space. According to 



this system, it is possible to readily generate micro-bub- 
bles in industrial scale, and the system is relatively small 
in size and has simple structure and can be easily man- 
ufactured. The system can be used in the applications 
such as purification of water quality in ponds, lakes, 
marshes, man-made lakes, rivers, etc., for processing 
of polluted water using microorganisms, culture of fishes 
and other aquatic animals, and increase of oxygen and 
dissolved oxygen in culture solution in hydroponics cul- 
ture fann and Improvement of production yield. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a micro-bubble generating system for efficiently dissolving gas such as the 
air, oxygen gas, etc. into liquid such as city water, river water, etc. , for purifying polluted water and for effectively utilizing 
the water for reconditioning and renewal of water environment. 

BACKGROUND ART 

[0002] In conventional type aeration systems, e.g. in most of aeration systems using micro-bubble generating system 
installed for culture and growth of aquatic animals, air bubbles are generated by injecting the air under pressure into 
water through fine pores of tubular or planar micro-bubble generating system installed in the tank, or air bubbles are 
generated by Introducing the atr into water flow with shearing force or by vaporizing the air dissolved in water by rapidly 
reducing pressure of the pressurized water. 

[0003] In the aeration process using the micro-bubble generating system with the above functions, operation is ba- 
sically controlled by adjusting the air supply quantity or the number of the micro-bubble generating systems to be 
installed, while it is necessary to efficiently dissolve gas such as air, carbon dioxide, etc. into water and further to 
promote circulation of the water 

[0004] However, in the aeration system using the conventional type micro-bubble generating system, e.g. diffusion 
system based on injection, even when fine pores are provided, when air bubbles are injected under pressure through 
pores, volume of each of the air bubbles is expanded, and diameter of each air bubble is increased to several millimeters 
due to surface tension of the air bubbles during injection. Thus, it is difficult to generate air bubbles of smaller diameter. 
Also, there are problems such as clogging of the pores or increase of power consumption caused by the operation for 
long time. 

[0005] In the system to generate the air bubbles by introducing the air Into water flow with shearing force using vanes 
and air bubble jet stream, it is necessary to have higher number of revolutions to generate cavitation. Also, there are 
problems of power consumption increase and the problem of corrosion of vanes or vibration caused by generation of 
cavitation. Further, there are problems in that only a small amount of micro-bubbles can be generated. 
[0006] In the system where gas-liquid two-phase flow collides with the moving vane or projection, fishes or small 
aquatic animals in natural lakes or culture tanks may be injured, and this causes trouble in the development and 
maintenance of the environmental condition necessary for the growth of fishes and other aquatic animals. 
[0007] Further, in the pressurizing system, the system must be designed in larger size and requires higher cost, and 
operation cost is also high. 

[0008] In none of the prior art in this field as described above, it has been possible to generate micro-bubbles with 
diameter of not more than 20 \xxr\ in industrial scale. 

DISCLOSURE OF THE INVENTION 

[0009] After fervent study efforts, the present inventors have successfully developed the present invention, by which 
it is possible to generate micro-bubbles with diameter of not more than 20 \im in industrial scale, 
[001 0] Specifically, the present invention provides: 

(1) a swiriing type micro-bubble generating system, comprising a container main unit having a cylindrical space 
with bottom, a pressure liquid inlet provided in tangential direction on a part of circumferential surface on inner 
wall of the space, a gas introducing hole opened on the bottom of the cylindrical space, and a swiriing gas-liquid 
mixture outlet arranged at the top of the cylindrical space; 

(2) a swirling type micro-bubble generating system, comprising a container main unit having a megaphone-shaped 
space with inlet closed, a pressure liquid inlet provided in tangential direction on a part of circumferential surface 
on inner wall of the space, a gas introducing hole opened on the inlet of the megaphone-shaped space, and a 
swirling gas liquid mixture outlet arranged at the top of the megaphone-shaped space. 

(3) a swiriing type micro-bubble generating system according to (1 ) or (2) above, wherein a plurality of pressure 
liquid inlets are provided with spacings In tangential direction on a part of circumferential surface on inner wall of 
the space; 

(4) a swiriing type micro-bubble generating system according to one of (1 ) to (3) above, wherein the pressure liquid 
inlet is provided on a part of circumferential surface of inner wall near the top of the space; 

(5) a swiriing type micro-bubble generating system according to one of (1 ) to (4) above, wherein the pressure liquid 
inlet is provided on a part of circumferential surface of inner wall near a point halfway down of the space; and 
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(6) a swirling type micro-bubble generating system according to one of (1) to (5) above, wherein a baffle plate is 
arranged immediately before the swirling gas-liquid mixture outlet opened on the top of the cylindrical space. 

(7) a swirling type micro-bubble generating system, comprising a partition plate for blocking said outlet, leaving 
only a partial opening, said partition plate being attached immediately before the swirling gas-liquid mixture outlet 

5 opened at the top of the cylindrical space. 

(8) a method for swirling type micro-bubble generation, using a micro-bubble generating system, which comprises 
a container main unit having a cylindrical space with bottom, a pressure liquid introducing port opened in tangential 
direction on a part of circumferential surface of inner wall of said space, a gas introducing hole opened at the 
bottom of said cylindrical space, and a swirling gas-liquid discharge outlet opened at the top of said cylindrical 

10 space, whereby said method comprises a first step of forming a swirling gas cavity swirling and flowing while being 

extended and narrowed down in said cylindrical space, and a second step of generating micro-bubbles when the 
swirling gas cavity is forcibly cut off and smashed due to the difference of swirling velocity between the portions 
of the swirling gas cavity. 

(9) a method for swirling type micro-bubble generation, using a micro-bubble generating system, which comprises 
'5 a container main unit having a cylindrical space with bottom, a pressure liquid Inlet opened in tangential direction 

on a part of circumferential surface of inner wall of said space, a gas introducing hole opened at the bottom of said 
cylindrical space, and a swirling gas-liquid mixture outlet opened at the top of said cylindrical space, whereby said 
method comprises: 

a first step of forming a swirling gas cavity for swiriing and guiding while extending and narrowing down self- 
sucking gas in said cylindrical space; 

a second step of generating micro-bubbles when the swiriing gas cavity is forcibly out off and smashed due 
to the difference of swiriing velocity in said swirling gas cavity; and 

a third step of continuously and steadily cutting off and smashing said swiriing gas cavity in said cylindrical 
2^ space, whereby the fluid passing through the rotating cut-off portion is rapidly expanded in conical shape while 

rotating (where a fluid not containing micro-bubbles flowing from outside is filled in the rotating fluid expanding 
in conical shape), said rotating fluid expanding in conical shape being stably fomned, and expanded angle of 
the conical shape is large (about 90**), and the difference of rotating velocity in the rotating cut-off portion and 
the smashed portion in the second step is relatively increased. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

35 Fig. 1 is a front view of a swiriing type micro-bubble generating system of an embodiment of the present invention; 

Fig. 2 is a drawing to explain the principle of the present invention and also to explain a system of another em- 
bodiment of the present invention; 

Fig. 3 is a drawing to explain a system of another modified embodiment of the invention; 
Fig. 4 is a graphic representation showing diameter of air bubbles and distribution of bubble generating frequency 
-^0 when a medium size system of the present invention Is Installed under water and micro-bubbles are generated 
using the air as gas; 

Fig. 5 Is a drawing to explain a system of still another modified embodiment of the present invention; and 
Fig. 6 is a drawing to expalln a system of still another modified embodiment of the present invention. 

^5 (Legend of the Symbols) 

[0012] 
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1 0 Megaphone -shaped space 

20 Pressure liquid inlet 

30 Inlet of megaphone-shaped space 

40 Gas introducing hole 

50 Swilling gas-liquid mixture outlet 

di Bore diameter of swirling gas-liquid mixture outlet 5 

dg Bore diameter of gas introducing hole 4 

d3 Bore diameter of pressure liquid introducing hole 2 

L Distance between swirling gas-liquid mixture outlet 5 and bottom of cylindrical space 3 
Mb Micro-bubbles 
S small spacing 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0013] As shown In the drawing to explain the principle of the present invention in Fig. 1 , a micro-bubble generating 
system comprises a cylindrical space with bottom 1 formed in a container of the system, a pressure liquid inlet 2 
provided in tangential direction on a part of circumferential surface of inner wall of the space, a gas introducing hole 4 
arranged at the center of a bottom 3 of the cylindrical space, and a swirling gas-liquid mixture outlet 5 arranged near 

the top of the cylindrical space 1. 

[0014] Fig. 1 (a) is a side view, and Fig. 1 (b) is a sectional view along the line X - X of Rg. 1 (a). 

[0015] The main unit of the system or at least the swirling gas-liquid mixture outlet 5 is installed in the liquid. By 

forcibly sending the pressure liquid into the cylindrical space 1 through the pressure liquid introducing hole 2, a swirling 

flow is generated in the space, and a portion with negative pressure is generated near the axis of the cylindrical pipe. 

[0016] By this negative pressure, the gas is sucked through the gas introducing hole 4. When the gas passes in the 

vicinity of the axis of the pipe where the pressure is at the lowest, a swirling gas cavity V in shape of fine string is 

generated. 

[0017] In the cylindrical space 1 , when the swirling liquid gas mixed flow passes from the bottom 3 of the space to 
the pressure liquid Introducing hole 2, the swirling gas cavity V in shape of string is generated. This is reduced in 
diameter and narrowed down and torn down to generate micro-bubbles. Then, it is sent toward the swirling gas-liquid 
mixture outlet 5 and is discharged while swirling, 

[0018] In association with the swirling, due to the difference of specific gravity between the liquid and the gas, cen- 
trifugal force is applied on the liquid and centripetal force is applied on the gas at the same time. As a result, the liquid 
portion and the gas portion become separable from each other. The gas is formed in string-like shape and continues 
to flow near the pressure liquid introducing hole 2 of the central line of the cylindrical space 1. Then, the swirling is 
rapidly weakened. Further, it is reinforced by the rotating flow introduced through the pressure liquid introducing hole. 
Then, when rotating flow in conical shape is fornied downstream, the rotating velocity of this portion is rapidly decreased. 
[0019] Before and after the portion 10 in Fig. 1 (a), big difference of rotating velocity is generated. As a result, the 
gas cavity V in string-like shape is continuously and steadily out off. Then, micro-bubbles Mb, e.g. micro-bubbles of 
10 - 20 p.m in diameter, are generated near the swirling gas-liquid mixture outlet 5, and these are discharged into the 
liquid outside of the system. 

[0020] Normally, the system main unit of the present invention or at least the swirling gas-liquid mixture outlet 5 is 
installed in the liquid. 

[0021] Fig. 2 is a drawing to explain the principle of the present invention, also serving to explain a system of an 
embodiment. Fig. 2 (a) is a side view, and Fig. 2 (b) is a sectional view along the line X - X of Fig. 2 (a). 
[0022] A gas introducing pipe 8 for introducing the gas is connected to the fonward end of the gas introducing hole 
4, and there is provided a pressure liquid inlet pipe 7 for supplying pressure liquid (e.g. pressurized water) to the 
pressure liquid inlet 2. 

[0023] Also, a pressure liquid inlet 2 is opened in tangential direction on circumferential surface of inner wall of the 

cylindrical space 1 . 

[0024] According to another aspect of the invention, as shown in Fig. 3, a system with a megaphone-like space 10 
is proposed. 

[0025] The system comprises a container main unit having a megaphone-like space 1 0 with the inlet closed, a pres- 
sure liquid inlet 20 opened in tangential direction on a part of circumferential surface of inner wall of the space 10, a 
gas introducing hole 40 opened on an opening (closed end) 30 of the megaphone-like space, and a swirling gas-liquid 
mixture outlet 50 opened at the top of the megaphone-shaped space 10. 

[0026] There are two cases: the case where the main unit of the system is installed under the water surface, the 
case where it is installed outside and in contact with a water tank, and a case where it is installed on faucet of water 
works. 
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[0027] Acxording to the present invention, water is nomially used as the liquid and the air is used as the gas. In 
addition, the liquid may include solvent such as toluene, acetone, alcohol, etc., fuel such as petroleum, gasoline, etc, 
foodstuff such as edible oil, butter, ice cream, beer, etc., drug preparation such as drug-containing beverage, health 
care product such as bath liquid, environmental water such as water of lake or marsh, or polluted water from sewage 
purifier, etc. Further, the gas may include inert gas such as hydrogen, argon, radon, etc., oxidizing agent such as 
oxygen, ozone, etc., acidic gas such as carbon dioxide, hydrogen chloride, sulfurous acid gas, nitrogen oxide, hydrogen 
sulfide, etc., and alkaline gas such as ammonia. 

[0028] From the gas introducing hole 4, the gas is automatically sucked in (self-sucked), and the gas is incorporated 
into the swirling liquid gas mixed flow as the swirling cavity V of string-like shape. 

[0029] The gas swirling cavity V of string-like shape at the central portion and the liquid swirling flow around it are 
injected through the outlet 5. At the same time as this injection, the swirling is rabidly weakened by static liquid in the 
surrounding because radical difference of swirling velocity occurs. Then, the gas cavity V in string-like shape at the 
center of the swirling flow is continuously and steadily cut off. As a result, a large quantity of micro-bubbles, e.g. micro- 
bubbles of 1 0 -20 ^im in diameter, are generated near the outlet 5. 

[0030] In Fig. 1 . the relationship of bore diameter of the swirling gas-liquid mixture outlet 5, bore diameter 62 of 

the gas introducing hole 4 bore diameter dg of the pressure liquid introducing pipe, and the distance L between the 
swirling gas-liquid mixture outlet 5 and the bottom 3 of the cylindrical space can be given as: 

L = 0,5 to 3.0 X d^ 

[0031] The range of the numerical values due to the difference of the type of system is as follows: 





di 


d2 


da 


L 


Mini-size system 


0.5 cm or less 


0.3 ~ 0,8 mm 


0.5 cm or less 


0.5 - 1.5 cm 


Small-size system 


0.5 - 2.0 cm 


0.5 - 1.0 mm 


0.5 - 1.0 cm 


1.0 - 6.0 cm 


Medium-size system 


2.0 - 5.0 cm 


1,0 - 1.5 mm 


1.0 -2.0 cm 


1.0- 15 cm 


Large-size system 


5 cm or more 


1.0 -2,0 mm 


2 cm or more 


1 5 cm or more 



[0032] In case of medium-size system, e.g. the pump has a motor of 200 - 400 W, discharge volume of 40 liters/ 
min., and lift of 15 m. Using this, a large quantity of micro-bubbles can be generated. Over the entire water surface in 
a water tank with volume of 5 m^, micro-bubbles of about 1 cm in thickness were accumulated during operation. This 
system could be used for purification of water in a pond with volume of 2000 or more. 

[0033] In a small-size system, for example, the pump has a motor of 30 W, discharge volume of 20 llters/min. This 
system could be used in a water tank with volume of 5 liters to 1 m^. 

[0034] When this system is applied for seawater, micro-bubbles can be very easily generated, and it is possible to 
further expand the application for use. 

[0035] Fig. 4 Is a graphic representation of diameter of bubbles and distribution of bubble generating frequency when 
a medium-size system of the present Invention is Installed under water and micro-bubbles are generated using the air 
as gas. Also, the results are shown for the case where air suction volume from the gas introducing hole 4 is regulated. 
In this figure, even when air suction is set to 0 cm^/s, bubbles of 10 - 20 jim in diameter are generated. This may be 
caused by the fact that the air dissolved in water are separated and bubbles are generated. Therefore, the system of 
the present invention can also be used as a deaeration system of dissolved gas, 

[0036] As described above, when the system of the present invention is installed in the liquid, and pressure liquid 
(e.g. pressurized water) is supplied into the cylindrical space 1 from the pressure liquid Inlet 2 via the pressure liquid 
inlet pipe 7 using a pump, and the gas introducing pipe 8 (e.g. air supply pipe), is connected to the gas introducing 
hole 4. Under this condition, micro-bubbles of 10 - 25 |im in diameter can be easily generated and supplied into the 
liquid (e.g. water). 

[0037] The space as described above may not necessarily be in cylindrical shape. For example, a space with diameter 
gradually increased in one direction, e.g. a space of a megaphone-like shape as shown In Fig. 3 may be used. 
[0038] The generation of bubbles can be controlled by regulation of a gas flowrate regulating valve connected to the 
fonvard end of the gas introducing pipe 8., and optimal generation of micro-bubbles can be easily controlled. Further, 
bubbles having diameter of more than 10 - 20 jrni can be easily generated by regulating the valve. 
[0039] Further, in the present invention, it is preferable that a baffle plate 9 is arranged with a small spacing S im- 
mediately before the swirling gas-liquid mixture outlet 5 opened at the top of the cylindrical space 1 as shown in Fig, 
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5. in Fig. 5, Fig. 5 (a) is a longitudinal sectional view, and Fig. 5 (b) is a sectional view along the line X - X. A disk-like 
baffle plate 9 is disposed with a snnall spacing S of preferably 0.2 to 1 .0 mm immediately before the swirling gas-liquid 
mixture outlet 5. As a result, micro-bubbles can be discharged out of the system steadily and in large quantity. 
[0040J When the small spacing S Is decreased, micro-bubbles are turned to finer bubbles, but discharge quantity is 
decreased. In this case, by supplying pressure gas through the gas introducing hole 4, large quantity of bubbles can 
be discharged. 

[0041] As shown in Fig, 6, it is preferable that a partition plate 9a may be attached immediately before the swirling 
gas-liquid mixture outlet 5 opened at the top of the cylindrical space 1 , and the outlet 5 may be closed, leaving only a 
partial opening 5a. In Fig. 6, Fig, 6 (a) is a longitudinal sectional view, and Fig. 6 (b) is a side view seen from left. The 
partition plate 9a is attached under the swirling gas-liquid mixture outlet 5 leaving an opening 5a above the outlet. As 
a result, micro-bubbles can be discharged out of the system steadily and in large quantity. 

[0042] In particular, micro-bubbles can be sufficiently generated even when the system shown in Fig. 5 and Fig, 6 
is used at a place where high water pressure is applied. 

[0043] The system of the present invention may be made of the materials such as plastics, metal, glass, etc., and it 
is preferable that the components of the system are Integrated together by bonding, screw connection, etc. 

INDUSTRIAL APPLICABILITY 

[0044] By the swirling type micro-bubble generating system of the present invention, it is possible to readily generate 
micro-bubbles in industrial scale. Because the system is relatively small in size and has simple construction, it is easier 
to manufacture, and the system will contribute to purification of water in ponds, lakes, marshes, man-made lakes, 
rivers, etc., processing of polluted water using microorganisms, and culture of fishes and other aquatic animals. 
[0045] Micro-bubbles generated by the system according to the present invention can be used in the following ap- 
plications: 

(1) Purification of water quality in man-made lakes, natural lakes, ponds, rivers, sea, etc. and preservation of 
natural environment through growth of animals and microorganisms. 

(2) Purification of man-made and natural waters such as biotope and promotion of growth of fireflies, water weeds, 
etc. 

(3) Industrial applications 

Diffusion of high temperature in steel manufacture. 

Promotion of acid cleaning of stainless steel plate and wires. 

Removal of organic substances in ultra-pure water manufacturing factory. 

Removal of organic substances in polluted water by micro-bubble formation of ozone, increase of dissolved 
oxygen, sterilization, manufacture of synthetic resin foam such as urethane foam product. 
Processing of various types of waste water and liquid. 

Sterilization by ethylene oxide, promotion of mixing of ethylene oxide with water in sterilizer 
Emulsiflcation of defoaming agent. 

Aeration of polluted water in activated sludge treatment method. 

(4) Agricultural applications 

Increase of oxygen and dissolved oxygen to be used in hydroponic culture, and improvement of production 
yield. 

(5) Fisheries 
Culture of eel 

Maintenance of life in cuttlefish tank 
Culture of yellowtail 
Artificial development of seeweeds 
Promotion of growth of fishes 
Prevention of red tide 

(6) Medical applications 

[0046] Use of micro-bubbles in hot bath to promote blood circulation and to maintain hot water in bath 
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Claims 

1 . A swirling type micro-bubble generating system, comprising a container main unit having a cylindrical space with 
bottom, a pressure liquid inlet opened in tangential direction on a part of circumferential surface of inner wall of 
said space, a gas introducing hole opened at the bottom of the cylindrical space, and a swirling gas-liquid mixture 
outlet opened at the top of said cylindrical space. 

2. A swirling type micro-bubble generating system, comprising a container main unit having a megaphone-like space 
with inlet closed, a pressure liquid inlet opened In tangential direction on a part of circumferential surface of Inner 
wall of said space, a gas introducing hole opened on an opening of said megaphone-like space, and a swirling 
gas-liquid mixture outlet opened at the top of said megaphone-like space. 

3. A swirling type micro-bubble generating system according to claim 1 or 2, wherein a plurality of pressure liquid 
Inlets opened in tangential direction on a part of circumferential surface of inner wall of the space are provided 
with spacings on circumference of inner wall of the space. 

4. A swirling type micro-bubble generating system according to one of claims 1 to 3, wherein the pressure liquid 
introducing hole Is opened on a part of circumferential surface of inner wall near the top of said space. 

5. A swirling type micro-bubble generating system according to one of claims 1 to 4, wherein the pressure liquid inlet 
is opened on a part of cirecumferenlial surface of inner wail near middle portion of said space. 

6. A swirling type micro-bubble generating system according to one of claims 1 to 5, wherein a baffle plate is an-anged 
immediately before the swirling gas-liquid mixture outlet opened at the top of the cylindrical space. 

7. A swirling type micro-bubble generating system according to one of claims 1 to 5, wherein a partition plate for 
closing the outlet is attached, leaving only a partial opening, immediately before the swirling gas-liquid mixture 
outlet opened at the top of the cylindrical space. 

8. A method for swirling type micro-bubble generation, using a micro-bubble generating system, which comprises a 

container main unit having a cylindrical space with bottom, a pressure liquid inlet opened in tangential direction 
on a part of circumferential surface of inner wall of the space, a gas introducing hole opened at the bottom of the 
cylindrical space, and a swiriing gas-liquid mixture outlet opened at the top of the cylindrical space, whereby said 
method comprises: 

a first step of forming a swiriing gas cavity for swiriing and quiding self-sucked gas while extending and nar- 
rowing down the gas flow in the cylindrical space; and 

a second step of generating micro-bubbles by forcibly cutting off and smashing the swirling gas cavity due to 
difference of swiriing velocity between the portions in the swirling gas cavity. 

9. A method for swiriing type micro-bubble generation, using a micro-bubble generating system, which comprises a 
container main unit having a cylindrical space with bottom, a pressure liquid inlet opened in tangential direction 
on a part of circumferential surface of inner wall of the space, a gas introducing hole opened at the bottom of the 
cylindrical space, and a swiriing gas-liquid mixture outlet opened at the top of the cylindrical space, whereby said 
method comprises: 

a first step of forming a swiriing gas cavity for swiriing and quiding self-sucked gas while extending and nar- 
rowing down the gas flow in the cylindrical space; and 

a second step of generating micro-bubbles by forcibly cutting off and smashing the swirling gas cavity due to 
difference of swiriing velocity between the portions in the swiriing gas cavity; 

a third step of continuously cutting off and smashing the swiriing gas cavity in said cylindrical space due to 
relative increase of the difference in rotating velocity between the rotating cut-off portion and smashing portion 
in the second step, the liquid passing through the rotating cut-off portion is rapidly expanded in conical shape 
while rotating (where the fluid not containing micro-bubbles is filled in the rotating fluid expanding in conical 
shape), the rotating fluid expanding in conical shape is stably fonned, and expanding angle of conical shape 
is large (about 90*), and rotating difference of rotating velocity is relatively increased between the rotating cur- 
off portion and the smashing portion in the second step. 
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FIG. 1 (a) 
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FIG. 2 (a) 
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FIG. 3 
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FIG. 4 
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FIG. 5 (a) 




13 




14 



EP1 112 773 A1 



INTERNATIONAL SEARCH REPORT 


Jmenutional application No. 




PCT/JPOO/03089 



A. CLASSfffCATON OF SUBJECT MATTER 
rnt.cr B01P3/Q4, B01P5/00 



According to Ititcroaiional Patent Classificarion (IPC) or to both national clasttfication and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classificatioa system foUowed by classification symbols) 
Int.Cl^ BOIF 3/00-5/26 



DocunicniaUoo searched olher tban minimum documentation to (he extent that such documenis are included in liie fields searched 
Jiteuyo Shlnan Itoho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2000 

KoJcai Jitsuyo Shinan Koho 1971-2000 Jiteuyo Shinan Toroku Koho 1996-2000 



Elecmwiic data base consulted during the i n te ni aiioMl search (name of data base and, where practicable, search tenns used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of docuroem, with indication, where appropriate^ of the ivtevant passages 



Micrcf ilro of the specification and drawings annexed to 

the request of Japanese Utility Model Application 

No. 101854/1974 (Laid-open No. 28865/1976) 

(Toyo Gomu Kagaku Kogyo K.K.), 

02 March, 1976 (02,03.76) (Family: none) 

JP, 48-6211, Bl (OBAYASHI CORPORATION), 

23 February, 1973 (23.02.73) (Family; none) 

JP, 54-41247, B2 (Mitsubishi Precision Co,, Ltd.), 
07 December, 1979 (07.12.79) (Family: none) 

Microfilm of the specification and drawings annexed to 
the request of Japanese Utility Model Application 
No, 117285/1982 (Laid-open No . 24199/1984) 
(Kabushiki Kaisha Fuji Denki Sogo Kenkyusho) , 
15 February, 1984 (15.02,84) (Paraily: none) 

JP, 50-31471, A (Kabushiki Kaisha Chiyama Kogyo), 
27 March, 1975 (27.03,75) (Family: none) 



Relevant to claim No. 



1-9 



1-9 



1-9 



1-9 



1-9 



Q Further d<xsimcats arc listed in the continuotioo of Box C. Q See patent iamiJy a 



' Special catcgoha ofcited documents: 

'A" document dcfwing die genenJ state of the art which ix not 

considered lo be ofpsiticulor lelovonoe 
E" earlier documeot but publUhed on or after the intemalioaal nUn^ 

date 

1" doGumeiU which may throw doubts on priority cUim(s) or wtiich is 
cited lo estaUiih the publicstion date of tnother citatiott or other 
special reason (as speafied) 

docujncm lefening lo m oral dicclosufc. use. exhibtdon or olha 



"0' 



"P" dKomeat published prior to the mtcntaiicraAl filing bu latci 
than die priority date claimed 



later document published after die iatemattonal flJitig date or 
priority date end not b coaftict widi ihc applieadoa but dted to 
undemind the pdAcipfe or theory underiyuig the uiv^ 
docuroeni of panicular relevance; the claimed iovenlkm cannot be 
coQstdcred novel or cannot be considered to involve gn inventive 
step when the docuoneol i» taken alone 
document of particular relevance; the claimed lowatioa caanot be 
considered to involve an inventive step when the documeol is 
combined with o.te or more other such documenu. such 
combination being obviou io a person ckilied m the art 
document member of the same patent tmaiy 



Date of die actual completion of the interoaxional search 
07 August, 2000 (07.08.00) 


Date of tnailiflg of the ttitematiooal search report 
15 August, 2000 (15.08.00) 


Same and maiiuig address of the ISA/ 
Japanese Patent Office 

Facsimile No. 


Authorized ofHcer 
Telephone No. 



Form PCT/JSA/210 (second sheet) (July 1992) 



15 



